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OBLIQUE DEPOSITION APPARATUS 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to depositing films, and more particularly to an apparatus for 
) preparing thin films by an oblique collimator deposition. 

1=* Description of the Prior Art 

p Sputtering is acommonly used method for thin film deposition. Sputtering is performed by 

J providing ionized atoms, such as Ar"^, in a vacuum which accelerate towards and bombard a 

^ negatively-charged target material. The ionized atoms knock off other atoms and molecules fi-om 

the target material. These ejected atoms and molecules subsequently deposit on a pre-selected 
substrate also disposed in the vacuum chamber, thus forming a film on a surface of the substrate. 

The trajectory of the ej ected atoms and molecules depends in significant part on the incident 
angle of the bombarding ions and the scattering of ejected atoms and molecules as they collide with 
W other particles. Thetrajectoryfollowsa well-known cosine (or Gaussian) distribution. Therefore, 

1 5 the atoms and molecules directed towards the substrate surface come fi-om various angles, and only 

a comparatively small portion are incident substantially perpendicular to the substrate surface. As 
a result, it is difficult for sputtering to achieve a deep conformal coverage within high aspect ratio 
steps or contacts on semiconductor wafer substrate. 

To overcome this drawback, a device known as a collimator is used. A collimator, such 
20 asisdiagrammaticallyrepresentedinFig. 1 Awithreference numeral 12, is placed between a target 

10 and a substrate 15. Substrate 15 is generally bonded or clamped on a substrate holder 14. The 
chamber housing 16 is evacuated with a pump assembly (not shown). Collimator 12 typically 
comprises a disk-shaped object having a plurality of holes or openings 20 provided therethrough. 
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The collimator functions effectively as a filter, allowing only the atoms and molecules 1 3 incident 
perpendicular to the substrate 1 5 to pass through and coat the substrate 1 5 . This results in a more 
conformal deposition within deep contacts than when a collimator is not used. 

Fig. IB is a detail of the collimator 12fromthedepositionsystemasshowninFig. lA. The 
5 collimator 1 2 can be described by its aspect ratio H/D, where H is the depth of the collimator and 

D is the diameter of the holes. Fig. IC is a plan view of the collimator 12, which consists of a 
plurality of holes or openings 20 (only several holes are shown). 

However, the collimator, like everything else within a sputtering chamber, gets coated with 
\^ the sputtering material. The accumulation of sputtering material effectively diminishes the diametric 

1 (O size of the openings, thus reducing the deposition rate on the substrate. Eventually the amount of 

material able to pass through the openings may become unsatisfactory. Fortunately, there are 
techniques available, suchasdescribedinU.S.PatentNo. 5,409,587to Sandhu, etal., to remove 
^ the accumulated materials and clean the collimator so that the sputtering can continue in a desired 

Q manner and deposition rate. 

Existing techniques involving a collimator are effective in making the incident flux 
^ " perpendicular to the substrate surface, but no such technique is available to make the incident flux 

^ oblique to the substrate surface (i.e. an oblique sputtering deposition). 

Actually, an oblique evaporation deposition technique was reported as early as in 1 959 by 
Smith [D.O. Smith, J. Appl.Phys. 30, 264(1959)] and Knorr et al. [T.G. Knorr and R. W. 
20 Hoffman, Phys. Rev. 113, 1039(1959)] in 1959. The formation mechanism, micro-structure, 

texture, and anisotropy of the films evaporated at oblique incidence have been investigated by 
Smith et al [D.O. Smith et al, J. Appl. Phys. 31, 1355(1960)]. Kara et al. have studied the 
magnetic and optical anisotropy in obliquely rf sputtered iron and cobalt films [K.Hara et al., J. 
NIMM 116, 441(1992) ]. They found the magnetic anisotropy in iron film mostly originates fi^om 
25 the shape anisotropy of crystallites, and that in cobah film mostly originate from the 
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magnetocrystalline anisotropy. At present, oblique evaporation deposition has found several 
applications, such as metal recording tape. 

Oblique evaporation deposition is easier to achieve than oblique sputtering deposition. This 
is because oblique evaporation deposition is performed under a high or ultrahigh vacuum, and 

5 subsequently the directions of the evaporated particles can be controlled due to the large mean free 

path. In other words, there is less scattering because the mean free path is large. Oblique sputtering 
deposition is generally carried out under 10"^ Torr vacuum, a lower vacuum than evaporation 
deposition, and accordingly the directions of the sputtered particles are hard to control because of 

h the smaller mean free path (i.e. more scattering). Because of this, oblique sputtering deposition is 

0 

1 QQ seldom reported. More so, there is no existing device for preparing thin films on a whole disk 
substrate to produce columns of film material angled in the circumferential direction or radial 

P direction by using oblique sputtering deposition. 

SI 

□ 

y SUMMARY OF THE INVENTION 

14. 

The exemplary embodiments of the present invention overcome the foregoing and other 
1 1^ problems by providing a device for preparing thin fibns by oblique sputtering deposition by inserting 

an oblique collimator between the target and the substrate. The exemplary embodiments of the 
present invention also provide a device for preparing thin films by oblique deposition by inserting 
an oblique collimator between the incident source and the substrate. The oblique collimators 
described herein enable preparing thin films with an angled column structure and in some 
20 embodiments adjustable angle. 

The present invention includes a device for depositing a film onto a surface of a substrate. 
The device can have a film material source for dispersing film material incident in the general 
direction of the substrate surface. The device can have a collimator between the film material 
source and the substrate. The collimator can have passages therein which are angled obliquely 
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relative to the substrate surface such that incident film material traveling tov^ard the substrate in a 
trajectory which is not substantially parallel to the oblique angle of the passages is blocked. 

These and other objects and advantages of the device according to the present invention 
will become obvious to those of ordinary skill in the art after having read the following detailed 
5 description of the preferred embodiments which are illustrated in various drawing figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the method and apparatus of the present invention may 
be obtained by reference to the following Detailed Description when taken in conjunction with the 
Q accompanying drawings wherein: 

IQq figs. 1 A-C are schematic diagrams of a perpendicular collimator in use and in detail. 

FIGS . 2 A-C are schematic diagrams of a first embodiment of the device in accordance 

O 

^ with the present invention in use and in detail. 

p FIGS. 3 A-B are a schematic diagram of a second embodiment of the device in accordance 

with the present invention. 

1 ^ ' FIG. 4 is a schematic diagram of the column structure of a film on a circular-shaped 

^ substrate achieved by using an oblique collimator in accordance v^th the present invention. 

FIG 5 is a schematic diagram of a third embodiment of the device in accordance with the 
present invention. 

FIG. 6 A-B are a schematic diagrams of an enhanced collimator as depicted in FIGS 2 and 

20 3. 



DETAILED DESCRIPTION OF THE PREFERRED EXEMPLARY EMBODIMENTS 
OF THE PRESENT INVENTION 

Before the invention is described in detail, it should be understood that this invention is not 
limited to the exemplary embodiments depicted and described herein. 
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A cross-sectional view of a first embodiment of the device in accordance with the present 
invention is illustrated in Fig. 2A. The diflFerence between Fig. 1 A and Fig. 2A is that in Fig. 2Aan 
oblique collimator 12', rather than a perpendicular collimator, is shown. Fig. 2Cisa3-dimensional 
drawing of the collimator 1 2\ which consists of supports 1 8* which span a plurality of rectangular 
sheets 1 7'. The collimator 1 2' can be constructed of metal or other conductor materials, insulate 
materials, or semiconductor materials. The number of the sheets 1 7' can be varied to achieve the 
desired passage size. 

Fig. 2B is an end view of the collimator 12'. The collimator can be described by its aspect 
ratio D/L, and obliquing angle 9, where D is the distance between two neighboring sheets 1 7', L 
is the width of a sheet 1 T (i.e. the depth of the collimator), and 9 the angle between the sheet 1 T 
and the support 18'. AsshowninFig. 2A, the angled collimator 12* is placed between the substrate 
^ 15' and target 10'. Onlyparticles 13' with an oblique incident direction parallel to the sheet 17' can 

pass through the collimator 1 2' and finally deposit on the substrate 15'. Particles traveling in other 
directions are filtered by the collimator 1 2\ The deposited thin film will have an angled column 

I H ^ 

ij structurewhichwillbeatthesameangleasangleBofthesheet IT. This angled column structure 

results in a macro anisotropy of the properties of the film. It is often desirable that the aspect ratio 
be uniform throughout the collimator to ensure that the resulting deposited film will have a uniform 
thickness and uniform oblique structure. 

A second embodiment of the oblique collimator is illustrated in Fig. 3 A. The collimator is 
20 made ofa circular-shaped support 18" and a plurality of trapezoid-shaped sheets 17". Sheets 17" 

can be made of conductor, insulator or semiconductor materials. This circular-shaped collimator 
is specially designed for a disk-shaped substrate. The sheets 1 7" are angled in the circumferential 
direction. 

Fig. 3B is a sheet 1 7 " having an increasing width toward its outer end which corresponds 
25 with the outer diameter of the collimator. This design ensures that the aspect ratio of the collimator 

is the same everywhere, and results in a desirable uniformity of thickness and uniform oblique effect. 



M 
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When this collimator is placed between a substrate and a target in a sputtering system similar to 
Fig. 2 A, the resultant thin film on a disk substrate will have an angled column structure, as shown 
in Fig. 4. The columns angle in a circumferential direction with respect to the substrate surface of 
the disk substrate. This angled structure of the thin film is beneficial to hard-drive disk media since 
5 the angling of the anisotropy axis along the column causes an enhancement in effective magnetic 

head field, resulting in a desirable read/write performance of the media. 

Furthermore, columns angling in the radial direction of the disk substrate can also be 
obtained by using another angled collimator as seen in Fig. 5 . This collimator is constructed of a 
plurality of sheets 17" angled in the radial direction rather than the circumferential direction. 

P . 

1 (iD In the above embodiments, the sheets 1 7' and 1 7" can be fixed on the supports 1 8' and 

\B 18", respectively. The angle with respect to the substrate surface of sheet 17' and 17" can be 

adjusted from about 0 to about 90° by providing adjustment means, such as screws at the point or 
juncture between the sheets and structure. By providing adjustment means, the angle of the resulting 
thin film column can be correspondingly varied. One of ordinary skill in the art will appreciate that 
1 ^ sheets 1 7' and 1 7" need not necessarily be planar to provide the desired passages, but rather can 

p be many other configurations, for example a plurality of tubular structures angled obliquely relative 

^ to the substrate surface. 

For collimators in the above embodiments according to this invention, the particles are 
"free" in the direction parallel to the sheet 1 7' or 1 7" as they pass through the collimator. To further 
20 confine the particles in order to achieve a more coUimated incident particle flux, additional sheets 

are can be provided. Referringto Fig. 6A, additional sheets 19* perpendicular to sheet 17* can be 
provided to a rectangular collimator. Similarly additional sheets 1 9" can be provided to span sheets 
17" in a circular collimator as seen in Fig. 6B. 

For all above embodiments, the oblique collimator is used in sputtering deposition. This 
25 oblique collimator can also be used in other thin film deposition technology resulting in oblique 

deposition by placing this oblique collimator between the substrate and incident flux of the film 
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material. An example of another type of film deposition technology that the collimator of this 
invention can be used in is evaporative deposition, whereby the collimator would be placed 
between an evaporation medium and the substrate and the evaporation medium evaporated to 
disperse particles thereof incident towards the substrate. 

Although the present invention has been described in terms of the presently preferred 
embodiments, it is to be understood that such disclosure is not to be interpreted as limiting. Various 
alterations and modifications will no doubt become apparent to those skilled in the art after reading 
the above disclosure. Accordingly, it is intended that the appended claims be interpreted as 
covering all alterations and modifications as fall within the true spirit and scope of the invention. 
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